Abstract -The vast set of connections among devices via the Internet is well-known as the Internet of Things (IoT).
I. INTRODUCTION
The next turf of war for telecom operators is to provide ultra high bandwidth to mobile users with the real time information at anytime and anywhere. The key drivers of 5G Research are Internet of Things (IoT), Gigabit Connectivity everywhere, Tactile Internet. The Internet of Things (IoT) is going to be one of the key drivers for the growth of 5G networks [1] and sporadic traffic generating devices need to be provided the efficient access to networks. IoMCT devices will be inactive for larger time periods and the internet is accessed periodically for minor or incremental update without human intervention. The drastic increase of sporadic traffic in the 5G networks cannot be handled with the bulky LTE random access procedures.
In this paper as proposed in [2] , [3] , a new approach is used to efficiently handle sporadic traffic of 5G by using an enhanced physical layer random access channel (PRACH), which achieves device acquisition and transmission of small data payloads simultaneously. By doing so, without maintaining a continuous connection, PRACH is used to transmit smaller data packets like in UMTS. In LTE the user data is carried only by using the physical uplink shared channel (PUSCH) and due to this scalable sporadic traffic is not possible. In 3GPP Release 13, the physical layer enhancements [4] are introduced for enhanced machine-type communications (eMTC). 5G Now [2] proposed a design of arranging a data access section in between the synchronization PUSCH and normal PRACH, which is called as Data PRACH (D-PRACH) to support transmission of asynchronous data. The guard band between PRACH and PUSCH is used by D-PRACH and in this way the sporadic traffic is removed from the uplink data channel PUSCH, which results in to a very significant reduction in signaling overhead and reduction in power consumption of the devices. Sacrificing the guard bands for data transmission, normally leads to augmented interference for PUSCH users, which can be taken care by newer waveform designs.
In Bi-Orthogonal Frequency Division Multiplexing (BFDM), normal orthogonality is replaced with a set of pair wise orthogonal transmit and receives pulses. Consequently, more flexibility is obtained for the design of transmit prototypes with suppression of side lobes. Matched filter is not suitable for BFDM and in this paper a mismatched ZF filter is used [5] . The PRACH symbol transmission is very much immune to time offsets due to the long symbol duration and so the BFDM design is well suited for transmission of sporadic traffic. BFDM shows exceptional and controllable performance degradation trade-off between the time and frequency offsets in comparison with conventional OFDM. BFDM with OQAM shows superior robustness to delay/doppler spread and additive noise when compared with OFDM/QAM systems This paper is organized is in four sections. The section II, describes the design of BFDM system, Section III talks about the OQAM based BFDM, Section IV discuses the system setup and simulation and simulation results are presented in section IV. Finally conclusions and future work is mentioned in section VI. Pulse shaping method is used by Bi-orthogonal frequency division multiplexing (BFDM) for PRACH transmissions. Similar to OFDM, the symbols are transmitted as per a group of pulses shifted on timefrequency lattice points ( ,lF),where T is time shift and F is the Frequency shift period and , ∈ . As mentioned in [2] , the exact reconstruction of symbol is possible only if biorthogonal Riesz bases is formed by transmit pulses {g ; } and the receive pulses {γ ; }. Two factors namely pulse properties and the time-frequency product TF (>1) will determine the possibility of perfect symbol reconstruction. In this paper we chose the TF=1.25.
A. Transmitter
in LTE, where Zadoff-Chu sequences are used for PRACH, BFDM transmitter uses a single-tone PRACH transmission [4] . Shaping of the PRACH signal spectrum is done by using a pulse g. Let 'P' be the length of pulse g. The transmitted signal t[n] generated after the inverse FFT (IFFT) stage by iterating and taking modulo P, which is of same length P. Given k symbols, each symbol is stacked as row matrix
Each t n is point wise multiplied with the shifted pulse g and superimposed by overlap and add. Then, the base band pulse shaped PRACH transmit signal is
B. Receiver
Pulse shaped PRACH receiver is a shown in the figure 2. First an inversion operation is carried out on the transmitter side pulse. Here the first K symbols of the received signal [ ] are arranged in a row vector matrix 
Then each row is multiplied point wise by the shifted biorthogonal pulse , so the received signal is (4)
C. Pulse Design
In the BFDM approach, the transmit pulse g is generated according to the system requirement and the received pulse is computed from g, as a canonical dual (bi-orthogonal). The computation methods used in this paper are as proposed in [8] . In summary, the bi-orthogonality means transmit pulse generates a Gabor Riesz basis and equivalent dual Riesz basis is generated by receive pulse . As shown in [9] this can be achieved with the operation. While calculating the bi orthogonal pulses, side effects such as spectral re-growth due to periodic settings are negligible.
The ratio of the time and frequency pulse widths (variances) and should be almost matched to the timefrequency grid ratio.
Pulse g is constructed based on the B-spline in the frequency domain. B-Splines were studied thoroughly in the Gabor (Weyl-Heisenberg) setting [9] . The prime reason for the usage of B-Spline pulses is due to the excellent tail properties of convolution of such pulses.
The second order B-spline (the tent) function decays faster in time and the same in frequency domain is stated as
Where
However in practice, the transmit pulse has to be of finite duration so g(t) can be given as In the OQAM, simultaneous transmission of real and imaginary part of a complex data symbol is not done like in QAM Scheme. The imaginary part is transmitted with a delay of half the symbol duration. The word 'offset' refers to the time shift by half the inverse of the sub-channel spacing between the real and imaginary parts of a complex symbol. For improving the peak factor, OQAM is used in single carrier systems. The difference between QAM and OQAM modulation [10] is illustrated in figure 3 . OFDM/OQAM schemes are based on orthogonal modulation i.e., transmitter basis functions constitute an orthogonal basis or equivalently the transmitter filter and the receiver filter constitute a matched filter pair. However orthogonality imposes constrains on the pulse shaping filter which limit the achievable time-frequency localization. Relaxing the orthogonality requirement thereby introducing bi-orthogonal frequency division multiplexing based OQAM(BFDM-OQAM) allows to significantly improve time frequency localization of transmitter basis function which in turn yields increased dispersion robustness.
IV. SIMULATION SYSTEM SETUP
A typical wireless system can be modeled as shown in the figure 4. In the current work, BFDM transmitter, receiver and channels are modeled using MATLAB software.
The block diagram consists of : 
A. Channel
In digital communication channel means a medium to send and receive the signal. In wireless channel modeling we consider Reflection, Refraction, and Scattering, these results in fading of signal. Above the large distances, the signal quality degrades even without the presence of large quantities of AWGN. Degradation is also called as fading and this is denoted as channel or fading channels. In general, fading channels Rayleigh and Rician distributions are most commonly used. In this paper, Rayleigh distribution is used, since the cellular communication is always non-Line of Sight.
B. Rayleigh distribution
Since the Line of sight (LOS) is not considered, the Rayleigh Distribution fading represents the worst case fading conditions. As the power is distributed quickly, the phase is evenly distributed and is independent of amplitude, mostly uses in wireless communication signal model.
C. Multipath Fading Propagation Conditions
When a signal propagates from transmitter to receiver it faces multipath. Perhaps there is Line of Sight in between a transmitter and a receiver or it can reflect to ground and then it may reach to receiver. While this reflected copy of same signal reaches to receiver they may have delay and attenuation based upon path length. There are three known LTE channel models of multipath profiles that are defined by 3GPP [11] namely: Extended Pedestrian A (EPA), Extended Vehicular A (EVA) and Extended Typical Urban (ETU) as are given in Tables 1, 2 The variation in one channel tap value from another depends on Doppler frequency, which is proportional to the mobile device speed. Higher velocity of a mobile leads to higher the Doppler frequency d f and higher variations in the channel.
V. SIMULATION RESULTS
The BFDM system with QAM, OQAM and OFDM systems are simulated using Matlab software along with the 3GPP fading profiles and the input parameters used for the results are as shown in Table 4 .
The standard carrier spacing 15 KHz of OFDM is reduced to 1.25KHz. The simulation results of the Power spectral density (PSD) for BFDM with QAM and OFDM is shown in figure 5 .
From Figure 5 and 6 it can be observed that the side lobe energy suppression for BFDM systems is much better compared OFDM system. One more observation is OQAM based system has much better side lobe power suppression than QAM based system.
The simulated SER analysis for BFDM systems with QAM and OQAM and comparison with OFDM systems are presented in figure 7 . From the figure 7 it is observed that the BFDM symbol error rate is less when compared with OFDM system under 
VI. CONCLUSION
In this paper, it is proven that BFDM performed well compared to OFDM under various real time fading conditions. BFDM is immune to frequency offsets that are common for cellular communications and also suitable for short message communications. The OQAM based BFDM is more immune to noise and fading and is especially well suited for IoMCT applications, where the deployments will be in urban, or highly dense areas. The side lobe suppression is very good in OQAM based BFDM system and this will lead to saving in device power which is very critical for IoMCT based applications, where hundreds of sensor devices are deployed. Since most of IoMCT applications are machine critical and are used in highly dense areas, OQAM based BFDM is most suitable candidate. The current work can be further enhanced and tested with trapezoidal pulse instead of B-Spline pulse.
